The Drosophila fat facets and canoe genes regulate non-neural cell fate decisions during ommatidium formation. We have shown previously that the FAM (fat facets in mouse) de-ubiquitinating enzyme regulates the function of AF-6, (mammalian canoe homologue), in the MDCK epithelial cell line (Taya et al., 1998 . The Ras target AF-6 is a substrate of the fam deubiquitinating enzyme. J. Cell Biol. 142, 1053±1062). We report here that the expression of the FAM and AF-6 proteins overlaps extensively in the mouse eye from embryogenesis to maturity, especially in the non-neural epithelia including the retinal pigment epithelium, subcapsular epithelium of the lens and corneal epithelium. Expression is not limited to the epithelia however, as FAM and AF-6 also co-localize during lens ®bre development as well as in sub-populations of the neural retina. q
Results and discussion

Co-localization of FAM and AF-6 during murine eye development
The requirement of faf and canoe for the normal differentiation of non-neural cells during eye development in Drosophila is well established (Fischer-Vize et al., 1992; Matsuo et al., 1997) . In early stages of facet development faf is required to specify the fate of mystery cells (FischerVize et al., 1992) and at later stages, via an interaction with the Ras pathway, the fates of cone and/or pigment cells Li et al., 1997) . As well as sharing extensive sequence similarity, the mammalian Fam gene can functionally replace faf during Drosophila eye development (Xin Chen and Janice Fischer, pers. commun.) . The FAM substrate AF-6 is a putative homologue of canoe, which is necessary for cone cell development, sharing sequence similarity and Ras-binding ability (Kuriyama et al., 1996) .
To begin the analysis of a possible function for FAM during the development of the mouse eye we examined the expression of FAM and AF-6 proteins by use of speci®c antibodies. At 10.5 days post-coitum (10.5 d.p.c.), the eye primordium is composed of the lens and optic cup. The latter is divided into inner and outer layers which are the precursors of the neurosensory retina and the retinal pigment epithelium (RPE), respectively. All these cell types strongly express the de®nitive developmental eye protein Pax6 (Fig. 1A ) (Hill et al., 1991) . At this stage, expression of both AF-6 and FAM proteins in the optic cup is restricted to the outer layer and a single layer of cells immediately adjacent in the inner layer (Fig. 1C±F ). Strong expression of both AF-6 and FAM is maintained in the RPE at all stages of development (13.5 d.p.c.) and in the adult eye (arrows in Fig. 1G±L and Fig. 2B ,C). FAM and AF-6 also co-localize during lens development. They are both present at the apical surface of cells lining the cavity of the lens vesicle (Fig. 1C,D) . As lens development progresses the posterior cells form the lens ®bres and the anterior cells, the sub-capsular epithelial cells. At later stages (13.5 d.p.c.) these two cell types are in close apposition and FAM and AF-6 were detected at the contact zone (arrowheads in Fig 1G,H) . Recently a role for AF-6 has been identi®ed in the regulation and maintenance of epithelial cell polarity (Zhadanov et al., 1999) where it strongly localizes with FAM (Taya et al., 1998) . It is possible that a The expression of FAM and AF-6 also overlap extensively in the neural retina. In late embryonic development both FAM and AF-6 are expressed in the inner layer of the neural retina (Fig. 1I±L ) and in the adult they localize to cells of the outer plexiform layers (Fig. 2A±C) . However, in contrast to the RPE and lens, AF-6 is expressed in some cells where FAM was not detected. Signi®cant levels of AF-6 were detected in the inner nuclear layer and lens ®bres at 13.5 d.p.c. (Fig. 1G) as well as in the photoreceptor segment (Fig. 2C) . Conversely, FAM is expressed in the outer nuclear layer at 18.5 d.p.c. where there is little or no AF-6 (Fig. 1J,K) . A putative role for AF-6 in neural cells has been implied by its association with the Eph receptor tyrosine kinases (Buchert et al., 1999) . Expression of AF-6 induces clustering of Eph receptors at sites of cell-cell contact (Buchert et al., 1999) . FAM may therefore regulate AF-6 function at sites of cell-cell contact in both epithelia and neural cells.
Faf is a substrate-speci®c de-ubiquitinating enzyme required for just two stages of Drosophila development, namely facet formation and development of the syncytial stage embryo (Fischer-Vize et al., 1992) . Canoe is also required for proper eye development in Drosophila and both canoe and faf interact with the Ras pathway to determine the cell fate of non-neural cone cells. We report here that the expression of FAM and AF-6, the mammalian homologues of faf and canoe, almost completely overlaps during eye development in the mouse, primarily in the nonneural epithelial cells but also some neural cell types. This raises the possibility that the FAM±AF-6//faf±canoe axis may represent another molecular pathway conserved during eye development in the¯y and mouse. Several other key factors such as PAX6/eyeless, Eya/eyes absent and Six/sine oculis are involved in the induction of eye formation in both Drosophila and vertebrates (Jean et al., 1998) . Further experiments of the genetic interaction between faf and canoe and their direct interaction in¯y eye development, as well as mutational analysis of Fam during mouse eye development is required to answer these questions.
Experimental procedures
Antibody production
Synthetic peptide corresponding to the NH 2 -terminal region of FAM (TATTRGSPVGGNDNQGQAPC; (Wood et al., 1997) conjugated with KLH was obtained from Chiron Mimotopes (Clayton, Vic., Australia). The peptide antigens were immnunized against rabbits, antisera were generated, and the speci®c anti-FAM antibody was puri®ed as described previously (Kanai et al., 1996) . Rabbit anti-AF-6 antibody (RVEQQPDYRRQESRTQ) was used in this study as described previously (Kuriyama et al., 1996) . and FAM are localized in the corneal epithelium (ce), not in the substantia propria (sp). gc, ganglion cell layer; ip, inner plexiform layer; in, inner nuclear layer; op, outer plexiform layer; on, outer nuclear layer; pr, photoreceptor segment; rpe, retinal pigment epithelium; ch, choroid; sp, substantia propria; ce, corneal epithelium.
